PARKING ASSISTANCE APPARATUS IN A VEHICLE 

BACKGROUND OF THE INVENTION 
Field of the Invention 
5 This invention relates to a parking assistance apparatus 

for assisting a driver in parking a vehicle in parallel parking, 
back-in parking, etc. 
Background Art 

In recent years, a parking assistance apparatus for 
10 assisting a driver in parking a vehicle in parallel parking 
or putting the vehicle in a garage has been developed. 

For example, JP-A-2000-118334 discloses an art of 
assuming that a position having a predetermined positional 
relationship with the vehicle position when a driver operates 
15 a parking assistance switch is a parking position, computing 
a recommended path from the current position to the parking 
position, and telling the driver necessary information for 
running along the recommended path from a loudspeaker by voice . 

JP-A-2000-335436 discloses an art wherein as a driver 
20 stops a vehicle so that a predetermined mark (a mark put on 
the inside of a door or a side mirror) becomes a position matching 
the center line of a garage and turns on a parking assistance 
switch, automatic steering control is performed from the vehicle 
stop position to a parking position based on a previously stored 
25 move path, thereby assisting the driver in parking the vehicle . 
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The target parking position is predetermined by the 
position where the driver operates the parking assistance switch, 
and a path to the target position used in the apparatus is 
predetermined. Thus the driver always needs to stop the vehicle 
5 at a predetermined position (a reference position) and the 
predeterminedposition is determinedby the position of a parking 
stall. 

However, the difference of the driving skill in 
individuals or the difference of the viewpoint to the target 

10 parking position because of the different seating position in 
individuals, it is feared that a deviation between the reference 
position and the driver 1 s switch operating position may arise . 
If the deviation in the reference position occurs, the target 
parking position is shifted and the driver is guided to a 

15 different position from the essential target position; this 
is a problem. 

For example, JP-A-2001-180402 discloses an art wherein 
when a vehicle is backed, a steering start guide is superimposed 
at the target position in stopping at the steering start position 

20 together with an image in the rear of the vehicle provided by 
a camera on a monitor screen, thereby assisting the driver in 
parking. Usually, the decision of whether or not an available 
parking space exists is made by a visual check of the driver 
when the driver approaches the gateway of the parking space. 

25 However, in the art, an indicator is not displayed until the 
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driver backs the vehicle after passing through the gateway of 
the parking space, the driver cannot decide whether or not the 
parking space is truly available, and thus the driver feels 
something is wrong from the usual time and is hard to handle 
5 the apparatus . 

Since the position of the parking frame as the target 
is calculated based on an image processing of a white line image 
captured by the camera, the configuration is complicated. In 
addition, if the road surface is wet or an obstacle exists on 

10 the white line or the white line is hard to recognize because 
of an adjacent parked vehicle, it is feared that the position 
of the parking frame as the target will be unable to be precisely 
calculated. Further, if no white line exists, the position 
of the parking frame as the target cannot be calculated. 

15 Therefore for example, parking assistance cannot be carried 
out where no white line exists in the parking stall adjacent 
to a parked vehicle. 

SUMMARY OF THE INVENTION 

20 It is therefore an object of the invention to provide 

a parking assistance apparatus for enabling the driver to easily 
stop his or her vehicle at a reference position and further 
enabling the driver to easily determine whether or not the area 
for the driver to park the vehicle contains a space in which 

25 the vehicle can be parked, thereby assisting the driver in 
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parking appropriately* 

To achieve the object, the invention provide a parking 
assistance apparatus for assisting a driver to once stop a 
vehicle at a predetermined reference position where the driver 
5 can view a target parking position in a lateral direction of 
the vehicle and then to perform parking operation from the 
reference position to the target parking position. The parking 
assistance apparatus includes: a camera being installed on the 
front of the vehicle and configured to capture an image from 

10 a side of the vehicle; an image display unit installed in a 
cabin of the vehicle and configured to display the image captured 
by the camera; and an image information control unit configured 
to control image information on the image display unit and to 
superimpose indicators to guide the vehicle to the reference 

15 position on the image. 

The invention may provide a parking assistance method 
for assisting a driver to once stop a vehicle at a predetermined 
reference position where the driver can view a target parking 
position in a lateral directionof the vehicle and then toperform 

20 parking operation from the reference position to the target 
parking position. The parking assistance method includes: 
capturing an image viewed from a side of the vehicle; and 
displaying the image to the driver, while superimposing 
indicators to guide the vehicle to the reference position on 

25 the image. 
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The invention may provide a vehicle including the parking 
assistance apparatus . 

BRIEF DESCRIPTION OF THE DRAWINGS 
5 The present invention may be more readily described with 

reference to the accompanying drawings, in which: 

FIG. 1 is a block diagram to show a schematic configuration 
of a parking assistance apparatus as a first embodiment of the 
invention; 

10 FIG. 2 is a plan view to show the image pickup range of 

cameras according to the first embodiment of the invention; 

FIG. 3A is a plan view to describe parking assistance 
in parallel parking according to the first embodiment of the 
invention; 

15 FIG. 3B is a schematic drawing to show a display screen 

displaying an image captured by a camera and indicators at the 
position of a vehicle shown in FIG. 3A; 

FIG. 4A is a plan view to describe parking assistance 
in parallel parking according to the first embodiment of the 
20 invention; 

FIGS. 4B and 4C are schematic drawing to show a display 
screen displaying an image captured by the camera and indicators 
at the position of the vehicle shown in FIG. 4A; 

FIG. 5A is a plan view to describe parking assistance 
25 in back-in parking according to the first embodiment of the 
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invention; 

FIG, 5B is a schematic drawing to show a display screen 
displaying an image captured by the camera and indicators at 
the position of the vehicle shown in FIG. 5A; 

FIG. 6A is a plan view to describe parking assistance 
in back-in parking according to the first embodiment of the 
invention; 

FIGS. 6B and 6C are schematic drawings to show a display 
screen displaying an image captured by the camera and indicators 
at the position of the vehicle shown in FIG. 6A; 

FIG. 7 is a schematic drawing to describe image display 
unit according to the first embodiment of the invention; 

FIG. 8 is a schematic drawing to describe loudspeakers 
according to the first embodiment of the invention; 

FIG. 9 is a flowchart to describe parking assistance in 
parallel parking and back-in parking according to the first 
embodiment of the invention; 

FIG. 10 is a drawing to describe the parking assistance 
apparatus as the first embodiment of the invention and is a 
plan view to describe operation for parallel parking from 
reference position to target parking position; 

FIG. 11 is a drawing to describe the parking assistance 
apparatus as the first embodiment of the invention and is a 
plan view to describe operation for back-in parking from 
reference position to target parking position; 



FIG. 12A is a plan view to describe parking assistance 
in parallel parking according to a second embodiment of the 
invention; 

FIGS . 12B and 12C are schematic drawings to show a display 
5 screen displaying an image captured by a camera and indicators 
at the position of the vehicle shown in FIG. 12A; 

FIG. 13A is a plan view to describe parking assistance 
in parallel parking according to the second embodiment of the 
invention; 

10 FIG. 13B is a schematic drawing to show a display screen 

displaying an image captured by the camera and indicators at 
the position of the vehicle shown in FIG. 13A; 

FIG. 14A is a plan view to describe parking assistance 
in back-in parking according to the second embodiment of the 
15 invention. 

FIGS . 14B and 14C are schematic drawings to show a display 
screen displaying an image captured by the camera and indicators 
at the position of the vehicle shown in FIG. 14A; 

FIG. ISA is a plan view to describe parking assistance 
20 in back-in parking according to the second embodiment of the 
invention; 

FIG. 15B is a schematic drawing to show a display screen 
displaying an image captured by the camera and indicators at 
the position of the vehicle 1 shown in FIG. ISA; 
25 FIG. 16 is a flowchart to describe parking assistance 
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in parallel parking and back-in parking according to the second 
embodiment of the invention; 

FIG. 17A is a plan view to describe parking assistance 
in parallel parking according to a third embodiment of the 
invention; 

FIGS . 17B and 17C are schematic drawings to show a display 
screen displaying an image captured by a camera and indicators 
at the position of a vehicle shown in FIG. 17A; 

FIG. 18A is a plan view to describe parking assistance 
in parallel parking according to the third embodiment of the 
invention; . : 

FIGS . 18B and 18C are schematic drawings to show a display 
screen displaying an image captured by the camera and indicators 
at the position of the vehicle shown in FIG. 18A; 

FIG. 19A is a plan view to describe parking assistance 
in back-in parking according to the third embodiment of the 
invention; 

FIG. 19B is a schematic drawing to show a display screen 
displaying an image captured by the camera and indicators at 
the position of the vehicle shown in FIG. 19A; 

FIG. 20A is a plan view to describe parking assistance 
in back-in parking according to the third embodiment of the 
invention; 

FIG. 20B is a schematic drawing to show a display screen 
displaying an image captured by the camera and indicators at 
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the position of the vehicle shown in FIG. 20A; and 

FIG. 21 is a flowchart to describe parking assistance 
in parallel parking and back-in parking according to the third 
embodiment of the invention. 

5 

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS 
Referring now to the accompanying drawings, there are 
shown preferred embodiments of the invention. 
[1] First embodiment 

10 As shown in FIG. 1, the parking assistance apparatus of 

the embodiment includes a steering wheel angle sensor 3 as a 
steering angle detection unit, a wheel speed sensor 4, a shift 
position sensor 5 as a shift position detection unit, a parking 
guide switch 6 as an instruction unit, a rear view camera 7> 

15 side view cameras (cameras) 40, an ECU (electronic control unit ) 
8, a teaching unit 13, and a display 15 as image display unit. 

The steering wheel angle sensor 3 detects the steering 
angle of a steering wheel, whereby steering angle position 
information to teach the driver whether or not the steering 

20 angle of a vehicle 1 becomes a predetermined steering angle 
can be provided. 

The wheel speed sensor 4 detects the rotation speed of 
a wheel (not shown) , and moving distance information of the 
vehicle can be provided based on the rotation speed and the 

25 circumference of the wheel. 
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The shift position sensor 5 detects the selected shift 
stage; it can be used to determine whether the speed detected 
by the wheel speed sensor 4 corresponds to forward travel or 
reverse travel, can be used to check whether or not the driver 
5 responds to the guide with correct operation, and can be used 
to control the shift stage. 

The parking guide switch 6 is placed in the proximity 
of a driver seat where the driver easily operates the switch. 
The driver can turn on the parking assistance apparatus (namely, 
10 give a parking assistance start instruction) and turn off the 
parking assistance apparatus by operating the parking guide 
switch 6. 

The driver can also select a parking assistance mode by 
operating the parking guide switch 6; the driver can select 
15 necessary parking assistance from among "left parallel 
parking," "right parallel parking," "left back-in parking," 
and "right back-in parking." 

When the driver gives a parking assistance start 
instruction by operating the parking guide switch 6, indicators 
20 41 can be displayed on an image captured by the side view camera 
40. 

The rear view camera 7 is placed at the rear end of the 
vehicle 1 for capturing an image of the circumstances in the 
rear of the vehicle 1. The image captured by the rear view 
25 camera 7 is displayed on the display 15 installed in the cabin, 
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whereby the driver can recognize the circumstances in the rear 
of the vehicle 1. 

One of the features of the parking assistance apparatus 
is that the side view cameras 40 each for capturing a view image 
5 of a side of the vehicle 1 are installed on the left and right 
sides of the front of the vehicle 1 as shown in FIG. 2 in addition 
to the rear view camera 7 . 

Therefore, for example, if the driver selects "left 
parallel parking" or "left back-in parking" by operating the 

10 parking guide switch 6, the view image picked by the side view 
camera 40 on the .left front of the vehicle, 1 (namely, left side 
view of the vehicle 1) is displayed on the display 15; if the 
driver selects "right parallel parking" or "right back-in 
parking" by operating the parking guide switch 6, the view image 

.15 picked by the side view camera 40 on the right front of the 
vehicle 1 (namely, right side view of the vehicle 1 ) is displayed 
on the display 15. Since a wide angle camera is used as each 
side view camera 40 and the distortion occurs in the image, 
it is preferable to remove the distortion from the image for 

20 driver to see the image easily. 

Thus, in the parking assistance apparatus, the side view 
cameras 40 for capturing images of sides of the vehicle 1 are 
placed on the left and right sides of the front of the vehicle 
1. However, for example, a camera unit for capturing images 

25 of the left and right sides of the vehicle 1 (not shown) may 
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be placed at one point of the front end of the vehicle 1 and 
may be changed appropriately in the image pickup direction so 
as to capture an image of the left side of the vehicle 1 if 
the driver selects left assistance by operating the parking 
5 guide switch 6 and an image of the right side of the vehicle 
1 if the driver selects right assistance. In doing so, only 
one camera needs to be used and thus the manufacturing cost 
can be reduced. 

By the way, the parking assistance apparatus requests 

10 the driver to once stop the vehicle 1 at a nearby position 
(reference position) of an area to park the vehicle (target 
parking position) , and then assists the driver in parking from 
the reference position to the target parking position along 
a predetermined path. 

15 Therefore, to park the vehicle without deviating from 

the target parking position, the driver needs to precisely stop 
the vehicle 1 at the reference position. 

Then, the parking assistance apparatus is provided with 
an image information control unit 50 (see FIG. 1) for 

20 superimposing indicators 41 to guide the vehicle 1 to the 
reference position on the image of the side view camera 40 on 
the display 15 when the driver turns on the parking guide switch 
6. The driver can easily and precisely stop the vehicle 1 at 
the reference position by driving the vehicle 1 based on the 

25 indicators 41 superimposed on the image on the display by the 
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image information control unit 50. 

For example, if the driver operates the parking guide 
switch 6 for selecting "left parallel parking" at the position 
of the vehicle 1 shown in FIG . 3A, the image captured by the 
5 side view camera 40 (here, left side view of the vehicle 1) 
is displayed on the display 15 as shown in FIG. 3B. 

At this time, the image information control unit 50 fixedly 
superimposes the indicators 41 at the same time as the image. 
The indicators 41 include a vertical line 41a and a horizontal 
10 line 41b. 

The vertical line 41a, for example, is displayed at the 
center in the display 15 and is used as a guide line.f or positioning 
the vehicle 1 in the longitudinal direction thereof . The vertical 
line 41a is also called a longitudinal direction guideline. 
15, That is, the driver can position the vehicle 1 in the 

longitudinal direction thereof by driving the vehicle 1 
longitudinal so that the vertical line 41a overlaps an object. 

On the other hand, the horizontal line 41b is displayed 
on the lower side in the display 15 and is used as a guideline 
20 for positioning the vehicle 1 in the lateral direction thereof 
(vehicle width direction) . The horizontal line 41b is also 
called lateral direction guideline. 

For example, by driving the vehicle 1 to overlap the 
horizontal line 41b and the tire ground contact positions 21a, 
25 21a of the parked vehicle 21, the driver can position the vehicle 
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1 at a predetermined distance from the parked, as shown in FIG . 
3B. FIG. 3B shows the case where the tire placement positions 
21a, 21a of the parked vehicle 21 overlap the horizontal line 
41b. 

5 When the tire ground contact positions 21a, 21a of the 

parked vehicle 21 are above the horizontal line 41b on the display 
15, the vehicle 1 is at a more distant position from the 
predetermined distance from the parked vehicle 21; when the 
tire ground contact positions 21a and 21a of the parked vehicle 

10 21 are below the horizontal line 41b, the vehicle 1 is at a 
closer position to the parked vehicle 21 from the:predetermined 
distance from the .parked vehicle 21. 

Thus, the vehicle 1 can be positioned in the longitudinal 
direction relative to the parked vehicle 21 based on the vertical 

15 line 41a and can be positioned in the lateral direction relative 
to the parked vehicle 21 based on the horizontal line 41b. 

Therefore, if the reference position is set as the position 
where the vertical line 41a overlaps the rear end of a parked 
vehicle 22 at the downstream side of parking area Rl and the 

20 horizontal line 41b overlaps a tire ground contact position 
22a of the parked vehicle 22 as shown in FIGS. 4A and 4B, and 
the driver stops the vehicle 1 at the reference position and 
presses the parking switch 6 to recognize as the vehicle 1 is 
in the reference position, the driver can receive parking 

25 instruction from the reference position to the target parking 
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position in teaching. 

On the other hand, if the driver operates the parking 
guide switch 6 for selecting "left back-in parking" at the 
position of the vehicle 1 shown in FIG . 5A, as shown in FIG . 
5 5B, the image captured by the side view camera 40 (here, left 
side view of the vehicle 1) is displayed on the display 15 and 
the vertical line 41a and the horizontal line 41b are fixedly 
superimposed on the image by the image information control unit 
50. FIG. 5B shows the case where tire placement positions 31a 
10 and 31a of an upstream vehicle 31 overlap the horizontal line 
41b. 

Therefore, if the reference position is set as the position 
where the vertical line 41a overlaps the rear end of a parked 
vehicle 32 at the downstream side of parking area Rl and the 

15 horizontal line 41b overlaps a tire ground contact position . 
32a of the parked vehicle 32 as shown in FIGS. 4A and 4B, and 
the driver stops the vehicle 1 at the reference position and 
presses the parking switch 6 to recognize as the vehicle 1 is 
in the reference position, the driver can receive parking 

20 instruction from the reference position to the target parking 
position in teaching. 

In the description given above, a parked vehicle is used 
as the object on which the indicators 41 are superimposed, but 
when a parking stall line, a wall, and the like exist, they 

25 may be used as the object on which the indicators 41 are 
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superimposed. 

Accordingly, if a parked vehicle exists at the downstream 
side of the area Rl, R2 for the driver to park the vehicle 1, 
the vehicle 1 can be easily stopped at the reference position. 
5 Parallel parking assistance and back-in parking 

assistance differ in assistance (teaching) contents in parking 
from the reference position to the target parking position for 
the driver and also differ in reference position and differ 
in positions of the indicators 41 displayed on the display 15, 

10 of course. 

That is, generally, the vehicle 1 can be brought closer 
to a parked vehicle in parallel parking as compared with back-in 
parking and therefore considering this fact, the horizontal 
line for parallel parking assistance (lateral direction 

15 guideline for parallel parking) is fixedly superimposed below 
the position of the horizontal line for back-in parking 
assistance (lateral direction guideline for back-in parking) . 

As shown in FIGS. 4B and 6B, a mark 42 displayed on the 
horizontal line 41b indicates an expected center position of 

20 the vehicle 1 at the completion time of parking. Accordingly, 
the driver can previously recognize the position of the vehicle 
within a parking area at the completion of parking on the display 
15. 

Indicators 41c ( in parallel parking) and 4 Id (in back-in 
25 parking) schematically representing the vehicle 1 in parking 
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may be additionally displayed as shown in FIGS. 4C and 6C. As 
the indicator 41c or 41d is displayed, the driver can easily 
grasp the position of the vehicle 1 at the completion of parking 
and can previously check on the display 15 whether or not the 
5 vehicle 1 and its adjacent vehicle or obstacle are at proper 
positions at the completion of parking. Therefore, the driver 
can use the indicator 41c, 41d to stop the vehicle 1 at the 
reference position. In the examples in FIGS. 4C and 6C, the 
vertical line 41a and the horizontal line 41b for parallel 

10 parking and the vertical line 41a and the horizontal line 32a 
for back-in parking are displayed together with the indicators 
41c and 41d schematically representing the vehicle 1, but either 
or both of the vertical line 41a and the horizontal line 41b, 
32a may be omitted. 

15 As shown in FIG. 1, the ECU 8 includes functions equivalent 

to a moving distance estimation unit 9, a shift position control 
unit 12, a teaching timing learningunit 17, and teaching control 
unit 18 in addition to the image information control unit 50. 

The moving distance estimation unit 9 estimates themoving 

20 distance of the vehicle 1 from the rotation speed of the wheel 
detected by the wheel speed sensor 4 and the circumference of 
the wheel. 

The shift position control unit 12 functions so as to 
limit the shift position of a transmission 19 to the first gear 
25 while the driver is taught driving operation for parking 
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assistance. Accordingly, the vehicle 1 can be run while it 
is kept at low speed, and the driver can do parallel parking 
or back-in parking safely and easily under running. 

The teaching timing learning unit 17 learns the stop 
5 teaching timing of the teaching unit 13 described later based 
on the reaction time of the driver. 

The teaching control unit 18 controls the teaching 
contents and the teaching timing of the teaching unit 13 
described later and provides the appropriate teaching contents 

10 for the driver at the appropriate timing during parking 
operation. . \ 

The teaching unit 13 includes the display 15 and 
loudspeakers 14a and 14b as shown in FIGS. 7 and 8 for guiding 
the driver through driving so that the vehicle 1 runs on a 

15 predetermined path from the reference position to the target 
parking position; it teaches the driver to move the vehicle 
1 forward or reverse and stop the vehicle and further teaches 
the driver the turning direction of the steering wheel. 

Specifically, as shown in FIG. 7, the image captured by 

20 the side view camera 40 is displayed on the display 15 and the 
indicators 41 are superimposed on the image of the side view 
camera 40 by the image information control unit 50 until the 
vehicle 1 stops at the reference position after the parking 
guide switch 6 is turned on. 

25 Upon completion of stopping the vehicle 1 at the reference 

18 



I 



position, then an icon 30 of the steering wheel is displayed 
at the upper right corner of the screen, for example, together 
with the image captured by the rear view camera 7, and a right 
arrow (steering to the right) or a left arrow (steering to the 
5 left) is displayed above the icon 30 of the steering wheel so 
that the driver can understand which direction the driver may 
steer in. 

A guide beep sound is produced and a voice message of 
"slowly move forward about 1 meter, " "steer fully to the left, " 
10 or the like is issued through the loudspeakers 14a and 14b shown . 
in FIG. 8. 

Therefore, the driver can handle the steering wheel and 
move the vehicle 1 forward or reversely to bring the vehicle 
1 accurately into the target parking position as the driver 
15 is taught the way from the loudspeakers 14a and 14b and the 
display 15. Of course, the driver can be sufficiently taught 
the way from the loudspeaker 14 only. 

Since the parking assistance apparatus in the first 
embodiment of the invention is thus configured, parking 
20 assistance for parallel parking andback-inparking is performed 
according to the following procedures: 
[1-A] Parking assistance of parallel parking 

Parking assistance of left parallel parking will be 
discussed with FIGS. 3A, 3B, 4A, 4B, 9, and 10. 
25 As shown in FIG. 3A, to do left parallel parking when 
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there are parked vehicles 21 and 22 at the upstream side and 
the downstream side of the area Rl for the driver to park the 
vehicle 1, for example, the driver turns on the parking guide 
switch 6 at the upstream right of the area Rl for the driver 
5 to park the vehicle 1 (position of the vehicle 1 shown in FIG. 
3A) to select "left parallel parking" (step S10 in FIG. 9) . 

When the driver turns on the parking guide switch 6, the 
image captured by the side view camera 40 and the indicators 
41 for parallel parking are displayed on the display 15 in the 

10 vehicle compartment as shown in FIG. 3B, and a voice message 
of "stop the vehicle at the position where the vertical . line 
matches the rear end of the vehicle that is ahead of your vehicle 
while matching the horizontal line in the screen with the tire 
ground contact positions of the vehicle " is given to the driver 

15 (step S20 in FIG. 9) . 

While seeing the display 15, the driver brings the vehicle 
1 into the reference position by driving the vehicle 1 so that 
the vertical line 41a overlaps the rear end of the vehicle 22 
that is ahead of the vehicle 1 and that the horizontal line 

20 41b overlaps the tire ground contact positions of the vehicle 
22. 

That is, if the horizontal line 41b overlaps the tire 
ground contact position 22a of the vehicle 22 and the vertical 
line 41a overlaps the rear end of the vehicle 22 on the display 
25 15 as shown in FIG. 4B, the vehicle 1 is stopped at the position 
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as shown in FIG . 4A (step S30 in FIG. 9) . The vehicle stop 
position at this time is the reference position. 

As shown in FIG. 4B, the mark 42 is displayed on the 
horizontal line 41b, when the vehicle 1 stops at the reference 
5 position. The mark 42 indicates an expected center position 
of the vehicle 1 at the completion time of parking . Accordingly, 
the driver can recognize the position of the vehicle 1 within 
a parking area at the completion time of parking on the display 
15. 

10 By the way, to do parallel parking, as shown in FIG. 10, 

first the driver moves the vehicle 1 forward a predetermined ;■ 
distance from a reference position al and stops the vehicle 
1 at an initial vehicle stop position a2 and then backs the 
vehicle 1 toward a target parking position a3 . The driver turns 

15 the steering wheel to the direction of the target parking 
position a3 before starting of the backing operation. Then the 
driver backs the vehicle 1 in the steered state. When the rear 
of the vehicle 1 is turned in the required direction (first 
back turn) , the driver turns the steering wheel to a neutral 

20 position and further backs the vehicle 1 (neutral back) . Finally, 
the driver turns the steering wheel to the opposite direction 
and then backs the vehicle 1 to the target parking position 
a3 so as to adjust the direction of the vehicle 1 (second back 
turn) . 

25 In the embodiment, necessary moving distance 
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(predetermined distance) Dl from the current position 
(reference position) al of the vehicle 1 to the forward travel 
position (initial vehicle stop position) a2 and further first 
back turn distance Dbl, neutral back distance Dc, and second 
back turn distance Db2 from the initial vehicle stop position 
a2 to the target parking position a3 are predetermined. 
Therefore, the target parking position a3 is inevitably 
determined if the reference position al is determined. 

The parking assistance of left parallel parking is 
conducted according to the described procedure . The procedure 
of parking assistance of right parallel parking is similar to 
that of the parking assistance of left parallel parking except 
for turning direction of steering wheel, which is opposite . 

In the description given above, there are parked vehicles 
21 and 22 at the upstream side and the downstream side of the 
area Rl for the driver to park the vehicle 1; if there is only 
the parked vehicle 22 at the downstream side, the driver can 
stop the vehicle 1 at the reference position in a similar manner 
to that described above. 

If only the parked vehicle 21 at the upstream side exists, 
the driver stops the vehicle 1 at a forward position of the 
full length of the vehicle 1 or more from the parked vehicle 
21 and again presses the parking guide switch 6 at the stop 
position, whereby the position can be set as the reference 
position. 
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Further, if the parked vehicles 21 and 22 do not exist, 
the driver stops the vehicle 1 at a proper position by visual 

inspection and again presses the parking guide switch 6 at the j 

t 

stop position, whereby the position can be set as the reference 
5 position. 

[1-B] Parking assistance of back-in parking 

Parking assistance of left back-in parking will be 
discussed with FIGS. 5A, 5B, 6A, 6B, 9, and 11. 

As shown in FIG. 5A, to do left back-in parking when there 
10 are parked vehicles 31 and 32 at the right (upstream side) and 
the left (back) of the area R2 for the driver to park the vehicle 
1, for example, the driver turns on the parking guide switch 
6 at the upstream right, of the area R2 for the driver to park 
the vehicle 1 (position of the vehicle 1 shown in FIG. 5A) to 
15 select "left back-in parking" (step S10 in FIG.. 9). . 

When the driver turns on the parking guide switch 6, the 
image captured by the side view camera 40 and the indicators 
41 for back-in parking are displayed on the display 15 in the 
cabin as shown in FIG. 5B, and a voice message of "stop the 
20 vehicle at the position where the vertical line matches the 
right side face of the vehicle ahead your vehicle while matching 
the horizontal line in the screen with the tire ground contact 
positions of the vehicle ahead your vehicle" is given to the 
driver (step S20 in FIG. 9) . 
25 While seeing the display 15, the driver brings the vehicle 
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1 into the reference position by driving the vehicle 1 so that 
the vertical line 41a may overlap the right side face (right 
end) of the vehicle 32 that is ahead of the vehicle 1 and that 
the horizontal line 41b may overlap the tire ground contact 
5 positions of the vehicle 32. 

That is, if the driver stops the vehicle 1 at the position 
where the horizontal line 41b overlaps the tire ground contact 
positions 32a and 32a of the vehicle 32 ahead the vehicle 1 
and the vertical line 41a overlaps the right end of the vehicle 

10 32 ahead the vehicle 1 on the display 15 as shown in FIG..6B, 
the vehicle 1 will stop at the position as shown in FIG . 5A 
(step S30 in FIG. 9) . The vehicle stop position at this time 
is the reference position. 

When the vehicle 1 stops at the reference position, the 

15 mark 42 is displayed on the horizontal line 41b as shown in 
FIG. 4B. The mark indicates the center position of the vehicle 
1 at the completion of parking of the vehicle 1. Accordingly, 
the driver can recognize the position of the vehicle 1 within 
a parking area at the completion of parking 1 on the display 

20 15. 

By the way, to do back-in parking, as shown in FIG. 11, 
first the driver moves the vehicle 1 forward a predetermined 
distance from a reference position bl and stops the vehicle 
1 at an initial vehicle stop position b2 . 
25 To move the vehicle 1 from the initial vehicle stop position 

24 
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b2 to a target parking position b3, first the driver turns the 
steering wheel so that the rear of the vehicle 1 may be turned 
in the direction of the target parking position b3 . Then the 
driver moves the vehicle 1 forward in the steered state. When 
5 the vehicle 1 reaches a predetermined position, the driver turns 
the steering wheel to the opposite direction and backs the 
vehicle 1 to the target parking position. 

In the embodiment, necessary moving distance 
(predetermined distance) D2 from the current position 

10 (reference position) bl of the vehicle 1 to the forward travel 
position (initial vehicle stop position) b2 and further forward 
turn distance Df and back turn distance Db3.from the initial 
vehicle stop position b2 to the target parking position b3 are 
predetermined. Therefore, the target parking position b3 is 

15 inevitably determined if the reference position bl is 
determined. 

The parking assistance of left back-in parking is 
conducted according to the described procedure . The procedure 
of parking assistance of right back-in parking is similar to 
20 that of the parking assistance of left back-in parking except 
that the driver steers in the opposite direction. 

In the description given above, there are parked vehicles 
31 and 32 at the upstream side and the downstream side of the 
area R2 for the driver to park the vehicle 1; if there is only 
25 the parked vehicle 32 at the downstream side, the driver can 
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stop the vehicle 1 at the reference position in a similar manner 
to that described above. 

If there is only the parked vehicle 31 at the upstream 
side, the driver stops the vehicle 1 at a forward position of 
5 the full width of the vehicle 1 or more from the parked vehicle 
31 and again presses the parking guide switch 6 at the stop 
position, whereby the position can be set as the reference 
position . 

Further, if the parked vehicles 31 and 32 do not exist, 
10 the driver stops the vehicle 1 at a proper position by visual 
inspection and again presses the parking guide switch 6 at the 
stop position, whereby the position can be set as the reference 
position. 

The parking assistance apparatus assists the driver in 
15 parking the vehicle in parallel parking and back-in parking 
as described above. While the apparatus assists the driver 
in parking, the shift position control unit 12 limits the shift 
stage of the transmission 19 to the first gear. Therefore, 
if the driver presses down the throttle pedal unintentionally 
20 during driving, the driver can do safe parallel parking or 
back-in parking at very low speed. 

Further, the teaching timing learning unit 17 learns the 
teaching timing of stop based on the reaction time of the driver 
and the teaching control unit 18 corrects the teaching timing 
25 of stop based on learning of the teaching timing learning unit 
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17. Thus, considering the driver ' s reaction time ( for example, 
sensing the rising time of brake pressure) , when the vehicle 
1 comes to a position of a predetermined time the stop position 
(for example, 0.8 seconds to the stop position) , a guide sound 
5 and a voice message teaching the driver to stop the vehicle 
are output. Therefore, the driver can receive more natural 
parking assistance . 

While the driver is assisted in parking from the initial 
vehicle stop position to the target parking position, the image 

10 captured by the rear view camera 7 and the driving operation 
are displayed on the display 15. Thus, particularly when: 
backing the vehicle 1 , the driver can know the necessary steering 
wheel operation while checking the circumstances in the rear 
of the vehicle 1. Therefore, the driver can perform safe and 

15 accurate driving operation. 

When the driver uses the indicators 43c, 43d that 
schematically representing the parked state of the vehicle 1, 
taking the parallel parking mode as an example, a voice message 
is sent to the driver so as to stop the vehicle 1 at the position 

20 where the front end of the indicator 41c is spaced at a 
predetermined interval from the rear end of the parked vehicle 
22 while adapting the tire placement level of the indicator 
41c to that of the parked vehicle 21 in the screen. Accordingly, 
the driver can be assisted in parking with good accuracy. 

25 As described above, the parking assistance apparatus 
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enables the driver to easily and precisely stop the vehicle 
1 at the reference position by driving the vehicle 1 while seeing 
the indicators 41 superimposed on the image on the display 15. 
Accordingly, the deviation between the vehicle 1 and the 
5 reference position is decreased, so that the driver can park 
the vehicle 1 at the target parking position with better 
accuracy. 

As the driver starts left or right parking assistance 
by operating the parking guide switch 6, the image corresponding 

10 to the selected side of the vehicle 1 is displayed on the display 
15, so that the image on the parking side can.be accurately 
provided for the driver. 

The driver can position the vehicle 1 in the longitudinal 
direction thereof based on the vertical line 41a and can position 

15 the vehicle 1 in the lateral direction thereof based on the 
horizontal line 41b, so that the driver can stop the vehicle 
1 at the reference position al with better accuracy. 

There are the horizontal line 41b for parallel parking 
and the horizontal line 41b for back- in parking . When the driver 

20 selects parallel parking assistance by operating the parking 
guide switch 6, the horizontal line 41b for parallel parking 
is displayed. When the driver selects back-in parking 
assistance by operating the parking guide switch 6, the 
horizontal line 41b for back-in parking is displayed. Thus, 

25 the parking assistance apparatus can assist the driver in 
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parallel parking and back-in parking with better accuracy. 
[2] Second embodiment 

Parts identical with those of the parking assistance 
apparatus of the first embodiment previously described with 
5 reference to the accompanying drawings are denoted by the same 
reference numerals in FIGS. 12 to 15. 

The parking assistance apparatus of the second embodiment 
differs from that of the first embodiment in indicators displayed 
on display 15 by image information control unit 50 . Therefore, * 

10 indicators according to the parking assistance apparatus of 
the second embodiment will be discussed in detail-; . 

As shown in FIG. 12B, indicators 43 according to theparking . 
assistance apparatus form a frame (quadrangle) and include left 
and right vertical lines (longitudinal direction guidelines) 

15 43a and 43a and top and bottom horizontal lines 43b and 43b. 
The left vertical line 43a and the right vertical line 43a are 
guidelines used for positioning the vehicle 1 in the longitudinal 
direction thereof ( longitudinal direction guidelines ) , and the 
bottom horizontal line 43b is a guideline used for positioning 

20 the vehicle 1 in the lateral direction thereof (vehicle width 
direction) (lateral direction guideline) . 

If the driver selects parallel parking assistance by 
operating a parking guide switch 6, a width Wl between the left 
vertical line 43a and the right vertical line 43a is displayed 

25 so as to become the width corresponding to the length longer 
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than the full length of the vehicle 1 by a predetermined value, 
as shown in FIG. 12B. A width W2 between the top horizontal 
line 43b and the bottom horizontal line 43b is displayed so 
as to become the width corresponding to the height of the vehicle 
5 1 or the width corresponding to the width longer than the height 
of the vehicle 1 by a predetermined value. 

On the other hand, if the driver selects back-in parking 
assistance by operating the parking guide switch 6, the width 
Wl between the left vertical line 43a and the right vertical 

10 line 43a is displayed so as to become the width corresponding 
to the full width longer than the full length of the vehicle. 
1 by a predetermined value, as shown in FIG. 14B. The width 
W2 between the top horizontal line 43b and the bottom horizontal 
line 43b is displayed so as to become the width corresponding 

15 to the height of the vehicle 1 or the width corresponding to 
the width longer than the height of the vehicle 1 by a 
predetermined value as in parallel parking. 

Indicators 43c ( in parallel parking) and 43d (in back-in 
parking) schematically representing the vehicle 1 in parking 

20 may be additionally displayed as shown in FIGS. 12C and 14C. 
When the indicator 43c or 43d is displayed, the driver can easily 
recognize the position of the vehicle 1 at the completion of 
parking and can previously check on display 15 whether or not 
the vehicle 1 and its adjacent vehicle or obstacle are at proper 

25 positions at the completion of parking. The driver can use 
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the indicator 43c or 43d to stop the vehicle 1 at the reference 
position. In the examples in FIGS. 12C and 14C, the vertical 
line 43a and the horizontal line 43b are displayed together 
with the indicators 43c and 43d that schematically represent 
the vehicle 1 • However, it may possible to omit either or both 
of the vertical line 43a and the horizontal line 43b. 

Since the indicators 43 are thus displayed on the display 
15, if an obstacle such as a parked vehicle does not exist within 
the indicators 43 regardless of parallel parking or back-in 
parking, the driver can visually see that the space indicated 
by the indicators 43 contains an available .space in which the 
vehicle 1 can be parked. 

Since the parking assistance apparatus as the second 
embodiment of the invention is thus configured, parking 
assistance for parallel parking andback-inparking is performed 
according to the following procedures: 
[2-A] Parking assistance of parallel parking 

Parking assistance of left parallel parking will be 
discussed with FIGS. 12A, 12B, 13A, 13B, and 16. 

As shown in FIG. 12A, to do left parallel parking when 
there are parked vehicles 21 and 22 at the upstream side and 
the downstream side of an area Rl for parking the vehicle 1, 
for example, first the driver turns on the parking guide switch 
6 at the upstream right of the area Rl (position of the vehicle 
1 indicated by dashed lines in FIG. 12A) to select " left parallel 
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parking" (step U10 in FIG. 16) . 

When the driver turns on the parking guide switch 6, the 
image captured by a side view camera 40 and the indicators 43 
for parallel parking are displayed on the display 15 in the 
vehicle compartment as shown in FIG. 12B, and a voice message 
of "check that a sufficient space is available to park your 
vehicle and then stop the vehicle at the position where the 
left linematches the rear endof the front vehicle while matching 
the bottom line in the screen with the tire ground contact 
positions of the front vehicle " is given to the driver (step 
U20 in FIG. 16) . 

While seeing the display 15, first the driver moves the 
vehicle 1 forward so that the right vertical line 43a may overlap 
the rear end of the vehicle 22 ahead the vehicle 1. When the 
right vertical line 43aoverlaps the rear endof the front vehicle 
22 . The driver checks whether or not an obstacle such as a parked 
vehicle exists within the indicators 43. 

At this time, if the driver determines that an obstacle 
exists within the indicators 43 and a sufficient space is not 
available, the driver turns off the parking guide switch 6 and 
terminates parking assistance. 

If the driver determines that no obstacle exists within 
the indicators 43 and a sufficient space is available, the driver 
drives the vehicle 1 according to the voice message so that 
the bottom line (lower horizontal line) 43b on the display 15 
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may overlap tire ground contact positions 22a and 22a of the 
front vehicle 22 (see FIG . 13B) and that the left line (left 
vertical line) 43a overlaps the rear end of the vehicle 22. 

That is, if the drivers stops the vehicle 1 at the position 
5 where the lower horizontal line 43b overlaps the tire ground 
contact positions 22a and 22a of the front vehicle 22 and the 
left vertical line 43a overlaps the rear end of the vehicle 
22 on the display 15 as shown in FIG. 13B, the vehicle 1 is 
stopped at the position as shown in FIG; 13A (step U30 in FIG. 
10 16) . The vehicle stop position at this time is the reference 
position. 

After stopping the vehicle 1 at the reference position, 
the driver again presses the parking guide switch 6, whereby 
the position at which the vehicle 1 exists at present is set 

15 as the reference position and the driver is guided through the 
path from the reference position to an initial vehicle stop 
position and further from the initial vehicle stop position 
to a target parking position as also described in the parking 
assistance for parallel parking in the first embodiment. 

20 In the embodiment, the reference position differs from 

that of the first embodiment. Therefore necessary moving 
distance Dl from the reference position to the initial vehicle 
stop position in parallel parking assistance is set to a 
predetermined distance which is different from that of the first 

25 embodiment (for example, the necessary moving distance Dl is 
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shorter than that of the first embodiment) . 

In the description given above, there are parked vehicles 
21 and 22 at the upstream side and the downstream side of the 
area Rl for parking the vehicle 1; if there is only the parked 
5 vehicle 22 at the downstream side, the driver can stop the vehicle 
1 at the reference position in a similar manner to that described 
above . 

If there is only the parked vehicle 21 at the upstream 
side, the driver stops the vehicle 1 at a forward position of 
10 the full length of the vehicle 1 or more from the parked vehicle 
21 and again presses the parking guide switch 6 at the vehicle 
stop position, whereby the position can be set as the reference 
position. 

Further, if the parked vehicles 21 and 22 do not exist, 
15 the driver stops the vehicle 1 at a proper position by visual 
inspection and again presses the parking guide switch 6 at the 
vehicle stop position, whereby the position can be set as the 
reference position . 

[2-B] Parking assistance of back-in parking 
20 Parking assistance of left back-in parking will be 

discussed with FIGS . 14A, 14B, 14C, 15A, 15B, and 16. 

As shown in FIG. 14A, to do left back-in parking when 

there are parked vehicles 31 and 32 at the right (upstream side) 

and the left (back) of an area R2 for parking the vehicle 1, 
25 for example, first the driver turns on the parking guide switch 
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6 at the upstream right of the area R2 (position of the vehicle 
1 indicated by dashed lines in FIG. 14A) to select " left back-in 
parking" (step U10 in FIG. 16) . 

When the driver turns on the parking guide switch 6, the 
image captured by a side view camera 40 and the indicators 43 
for back-inparking are displayed on the display 15 in the vehicle 
compartment as shown in FIG. 14B, and a voice message of "check 
that a sufficient space is available to park your vehicle and 
then stop the vehicle at the position where the left line matches 
the right side face of the vehicle that is ahead of your vehicle 
while matching the bottom line in the screen with the tire ground 
contact positions of the vehicle " is given to the driver (step 
U20 in FIG. 16) . 

As shown in FIGS. 14A and 14B, while seeing the display 
15, first the driver moves the vehicle 1 forward so that- the. 
right vertical line 43a may overlap the right side face of the 
vehicle 32 that is ahead the vehicle 1 . When the right vertical 
line 43a overlaps the right side face of the vehicle 32, the 
driver checks whether or not an obstacle such as a parked vehicle 
exists within the indicators 43. 

At this time, if the driver determines that an obstacle 
exists within the indicators 43 and a sufficient space is not 
available, the driver turns off the parking guide switch 6 and 
terminates parking assistance. 

If the driver determines that no obstacle exists within 
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the indicators 43 and a sufficient space is available, the driver 
drives the vehicle 1 according to the voice message so that 
the bottom line (lower horizontal line) 43b on the display 15 
overlaps tire ground contact positions 32a and 32a of the vehicle 
5 32 that is ahead of the vehicle 1 (see FIG . 15B) and that the 
left line (left vertical line) 43a may overlap the right side 
face of the vehicle 32. 

That is, if the drivers stops the vehicle 1 at the position 
where the lower horizontal line 43b overlaps the tire ground 
10 contact positions 32a and 32a of the vehicle 32 that is ahead 
of the vehicle 1 and the left vertical line 43a overlaps the 
right side face of the vehicle 32 on the display 15 as shown 
in FIG. 15B, the vehicle 1 is stopped at the position as shown 
in FIG. 15A (step U30 in FIG. 16) . The vehicle stop position 
15 at this time is the reference position. 

After stopping the vehicle 1 at the reference position, 
the driver again presses the parking guide switch 6, whereby 
the position at which the vehicle 1 exists at present is set 
as the reference position and the driver is guided through the 
20 path from the reference position to an initial vehicle stop 
position and further from the initial vehicle stop position 
to a target parking position as also described in the parking 
assistance for back-in parking in the first embodiment. 

In the embodiment, the reference position differs from 
25 that of the first embodiment. Therefore necessary moving 
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distance D2 from the reference position to the initial vehicle 
stop position in back-in parking assistance is set to a 
predetermined distance which is different from that of the first 
embodiment (for example, the necessary moving distance D2 is 
5 shorter than that of the first embodiment) . 

In the description given above, there are parked vehicles 
31 and 32 at the upstream side and the downstream side of the 
area for parking the vehicle 1; if there is only the parked 
vehicle 32 at the downstream side, the driver can stop the vehicle 
10 1 at the reference position in a similar manner to that described 
above . 

If there. is only the parked vehicle 31 at the upstream 
side, the driver stops the vehicle 1 at a forward position of 
the full width of the vehicle 1 or more from the parked vehicle 
15 31 and again presses the parking guide switch 6 at the vehicle 
stop position, whereby the position can be set as the reference 
position . 

Further, if the parked vehicles 31 and 32 do not exist, 
the driver stops the vehicle 1 at a proper position by visual 
20 inspection and again presses the parking guide switch 6 at the 
vehicle stop position, whereby the position can be set as the 
reference position. 

When the driver uses the indicators 43c and 43d that 
schematically represents the parked state of the vehicle 1, 
25 taking parallel parking mode as an example, the driver matches 
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the rear end of the indicator 43c, 43d with the rear end of 
the parked vehicle 22 instead of matching the left line with 
the rear end of the parked vehicle 22 . In this case, the moving 
distance from the reference position to the initial vehicle 
5 stop position when the left line is used in the matching is 
adjusted to a short distance. 

As described above, the parking assistance apparatus can 
provide similar advantages to those of the parking assistance 
apparatus as the first embodiment, 

10 Further, when the driver starts parallel parking by 

operating the parking guide switch 6, two guidelines .are 
displayed with a spacing corresponding to the full length of 
the vehicle 1, so that the driver can easily know whether or 
not a space to park the vehicle 1 is available by determining 

15 whether or not an obstacle such as a parked vehicle exists between 
the two guidelines. Accordingly, the driver understands that 
the vehicle 1 is hard to park in the area Rl for parking the 
vehicle 1, and can avoid difficult parking operation and can 
be guided so as to find out any other available parking space. 

20 Therefore, the parking assistance apparatus can assist the 
driver in parking more safely and more appropriately. 

When the driver starts parallel parking by operating the 
parking guide switch 6, two guidelines are displayed with a 
spacing corresponding to the full width of the vehicle 1, so 

25 that the driver can easily know whether or not a space to park 
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the vehicle 1 is available by determining whether or not an 
obstacle such as a parked vehicle exists between the two 
guidelines. Accordingly, the driver understands it hard to 
park in the area R2 for parking the vehicle 1, and can avoid 
5 difficult parking operation and can be guided so as to find 
out any other available parking space. Therefore, the parking 
assistance apparatus can assist the driver inparkingmore safely 
and more appropriately. 
[3] Third embodiment 

10 Parts identical with those of the parking assistance 

apparatus of the first embodiment previously described with 
reference to the accompanying drawings are denoted by the same 
reference numerals in FIGS. 17 to 19. 

The parking assistance apparatus of the third embodiment 

15 differs from that of the first embodiment in guide process to 
a reference position; it guides the driver to the reference 
position using a wheel speed sensor 4 for measuring the rotation 
speed of the vehicle 1 and moving distance estimation unit 9 
for estimating the moving distance of the vehicle 1. 

20 That is, when there are parked vehicles 21 and 22 at the 

upstream side and the downstream side of an area Rl for parking 
the vehicle 1 in parallel parking, for example, as shown in 
FIG. 17A, the moving distance estimation unit 9 estimates the 
moving distance of the vehicle 1 when the vehicle 1 moves forward 

25 from the position where a vertical line 41a shown in FIG. 17B 
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overlaps the front end of the parked vehicle 21 to the position 
where a vertical line 41a shown in FIG. 18B overlaps the rear 
end of the parked vehicle 22. 

Indicators 41e and 41f schematically representing the 
5 parked state of the vehicle 1 in parking may be additionally 
displayed as shown in FIGS . 17C and 18C. When there are parked 
vehicles 21 and 22 at the upstream side and the downstream side 
of the area Rl for parking the vehicle 1 in parallel parking, 
the schematic indicators 41e and 41f is used in place of the 

10 vertical lines . The moving distance estimation unit 9 estimates 
the moving distance of the vehicle 1 when the vehicle 1 moves 
forward from the position where the schematic indicator 43e 
shown in FIG. 17C has a proper spacing from the front end of 
the parked vehicle 21 to the position where*' the schematic 

15 indicator 43f shown in FIG. 18C has a proper spacing from the 
rear end of the vehicle 22. 

In back-in parking, indicators schematically 
representing the vehicle 1 in parking (not shown) may also be 
used in a similar manner to that described above. 

20 In the parking assistance apparatus, as the driver presses 

a parking guide switch 6 at the move start position of the vehicle 
1 (namely, the position where the vertical line 41a shown in 
FIG. 17B overlaps the front end of the parked vehicle 21) and 
presses the parking guide switch 6 at the move end position 

25 of the vehicle 1 (namely, the position where the vertical line 
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41a shown in FIG. 18B overlaps the rear end of the parked vehicle 
22) f the move start and end positions of the vehicle 1 are 
determined and the moving distance estimation unit 9 estimates 
the moving distance of the vehicle 1 in this section. Therefore, 
5 if moving distance XI of the vehicle 1 is larger than the full 
length of the vehicle 1 by a predetermined value or more as 
shown in FIG. 18A, the driver recognizes that the vehicle 1 
can be parked in the available area Rl with a margin. 

When there are parked vehicles 31 and 32 at the upstream 

10 side (right) and the back (left) of an area R2 for parking the 
vehicle 1 in back-in parking, for example, as shown in FIG. 
19A, the moving distance estimation unit 9 estimates the moving 
distance of the vehicle 1 when the vehicle 1 moves forward from 
the position where a vertical line 41a shown in FIG. 19B overlaps 

15 the left side face (left end) of the parked vehicle 31 to the 
position where a vertical line 41a shown in FIG. 20B overlaps 
the right side face (right end) of the parked vehicle 32. 

In the parking assistance apparatus , as the driver presses 
the parking guide switch 6 at the move start position of the 

20 vehicle 1 (namely, the position where the vertical line 41a 
shown in FIG. 19B overlaps the left side face of the parked 
vehicle 31) and presses the parking guide switch 6 at the move 
end position of the vehicle 1 (namely, the position where the 
vertical line 41a shown in FIG. 20B overlaps the right side 

25 face of the parked vehicle 32) , the move start and end positions 
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of the vehicle 1 are determined and the moving distance 
estimation unit 9 estimates the moving distance of the vehicle 
1 in this section. Therefore, if moving distance X2 of the 
vehicle 1 is longer than the full width of the vehicle 1 by 
5 a predetermined value or more as shown in. FIG. 20A, the driver 
recognizes that the vehicle 1 can be parked in the available 
area R2 with a margin. 

Since the parking assistance apparatus in the third 
embodiment of the invention is thus configured, parking 

10 assistance for parallel parking and back- in parking is performed 
according to the following procedures: 
[3-A] Parking assistance of parallel parking 

Parking assistance of left parallel parking will be 
discussed with FIGS. 17A, 17B, 17C, 18A, 18B, 18C and 21. 

15 As shown in FIG...17A, to do left parallel parking when 

parked vehicles 21 and 22 exist at the upstream side and the 
downstream side of an area Rl for the driver to park the vehicle 
1, for example, first the driver turns on the parking guide 
switch 6 at the upstream right of the area Rl for parking the 

20 vehicle 1 (position of the vehicle 1 indicated by dashed lines 
in FIG. 17A) to select "left parallel parking" (step V10 in 
FIG. 21) . 

When the driver turns on the parking guide switch 6, the 
image captured by a side view camera 4 0 and the indicators 41 
25 for parallel parking are displayed on the display 15 in the 
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vehicle compartment, and a voice message of "while matching 
the horizontal line in the screen with the tire ground contact 
position of the vehicle at the upstream side of the area, stop 
your vehicle at the position where the vertical line matches 
5 the front end of the vehicle at the upstream side and press 
the parking guide switch" is given to the driver (step V20 in 
FIG. 21) . 

Then, while seeing the display 15, the driver drives the 
vehicle 1 so that the horizontal line 41b may overlap the tire 

10 ground contact position 21a of the parked vehicle 21. and that 
the vertical line 41a may overlap the front end of the parked 
vehicle 21 as shown in FIGS. 17A and 17B. When the horizontal 
line 41b overlaps the tire ground contact position 21a of the 
parked vehicle 21 and the vertical line 41a overlaps the front 

15 end of the parked vehicle 21, the driver presses the parking 
guide switch 6 (V30 in FIG. 21) . 

After this, a voice message of "while matching the 
horizontal line in the screen with the tire ground contact 
positions of the front vehicle, stop your vehicle at the position 

20 where the vertical line matches the front end of the front vehicle 
and press the parking guide switch" is given to the driver (step 
V40 in FIG. 21) . 

Then, while seeing the display 15, the driver drives the 
vehicle 1 so that the horizontal line 41b overlaps the tire 

25 ground contact positions 22a and 22a of the parked vehicle 22 
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and that the vertical line 41a may overlap the rear end of the 
parked vehicle 22 as shown in FIGS. 18A and 18B. When the 
horizontal line 41b overlaps the tire ground contact positions 
22a and 22a of the parked vehicle 22 and the vertical line 41a 
5 overlaps the rear endof the parked vehicle 22, the driver presses 
the parking guide switch 6 (V50 in FIG. 21) . 

When the driver uses the indicators 41e and 41f that 
schematically represent the parked state of the vehicle 1, the 
driver matches the rear end of the indicator 41e with the front 

10 end of the vehicle 21 or the front end of the indicator 41f 
with the rear end of the vehicle 22 with a predetermined spacing 
in between instead of matching the vertical line 41a with the 
rear end of the vehicle 21 or 22. 

When the parking guide switch 6 is pressed, the moving 

15 distance estimation unit 9 estimates the moving .distance XI 
of the vehicle 1 (V60 in FIG. 21) . 

Whether or not the moving distance XI estimated by the 
moving distance estimation unit 9 is a predetermined value or 
more (namely, whether or not a sufficient space to park the 

20 vehicle 1 is available) is determined (V70 in FIG. 21) . 

If it is determined that a sufficient space is not available, 
a voice message of "sufficient space to park your vehicle is 
not available" is output, telling the driver that parking 
assistance is terminated. 

25 If it is determined that a sufficient space is available, 
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the position at which the vehicle 1 stops at present is set 
as the reference position. As described in the parallel 
parking assistance in the first embodiment, the position of 
the vehicle 1 at present is set as the reference position and 
5 the driver is guided through the path from the reference position 
to an initial vehicle stop position and further from the initial 
vehicle stop position to a target parking position. 

In the embodiment, the reference position differs from 
that of the first embodiment and therefore necessary moving 
10 distance Dl from the reference position to the initial vehicle 
stop position in parallel parking assistance is set to a 
predetermined distance different from that of the first 
embodiment . 

In the description given above, there are parked vehicles 
15 21 and 22 at the upstream side and the downstream side of the 
area Rl for parking the vehicle 1; if there is only the parked 
vehicle 22, to start parking assistance, the driver presses 
the parking guide switch 6 twice and then stops the vehicle 
1 at the position where the vertical line 41a overlaps the rear 
20 end of the parked vehicle 22 and again presses the parking guide 
switch 6 at the vehicle stop position, whereby the position 
can be set as the reference position. 

If there is only the parked vehicle 21, the driver presses 
the parking guide switch 6 when the driver starts parking 
25 assistance. Then, the driver moves the vehicle 1 forward and 
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stops the vehicle 1 at a forward position of the full length 
of the vehicle 1 or more from the parked vehicle 21 and presses 
the parking guide switch 6 twice at the vehicle stop position. 
Further, if the parked vehicles 21 and 22 do not exist, 
5 the driver presses the parking guide switch 6 twice when the 
driver starts parking assistance. Then the driver moves the 
vehicle 1 forward and stops the vehicle 1 at a proper position 
and presses the parking guide switch 6 once more at the vehicle 
stop position, whereby the position can be set as the reference 

10 position . 

[3-B] Parking assistance of back-in parking 

Parking assistance of left back-in parking will .be 
discussed with FIGS. 19A, 19B, 20A, 20B, and 21. 

As shown in FIG. 19A, to do left back-in parking when 

15 there are parked vehicles 31 and 32 at the upstream side (right) 
and the back (left) of an area R2 for parking the vehicle 1, 
for example, first the driver turns on the parking guide switch 
6 at the upstream right of the area R2 (position of the vehicle 
1 indicated by dashed lines in FIG. 19A) to select "left back-in 

20 parking" (step V10 in FIG. 21) . 

When the driver turns on the parking guide switch 6, the 
image captured by the side view camera 40 and the indicators 
41 for back-in parking are displayed on the display 15 in the 
vehicle compartment, and a voice message of "while matching 

25 the horizontal line in the screen with the tire ground contact 
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positions of the vehicle at the upstream side of the area, stop 
your vehicle at the position where the vertical line matches 
the left side face of the vehicle at the upstream side and press 
the parking guide switch" is given to the driver (step V20 in 
5 FIG . 21) . 

Then, while seeing the display 15, the driver drives the 
vehicle 1 so that the horizontal line 41b may overlap the tire 
ground contact positions 31a and 31a of the parked vehicle 31 
and that the vertical line 41a overlaps the left side face (left 

10 end) of the parked vehicle 31 as shown in FIGS . 19A and 19B. 
When the horizontal line 41b overlaps the tire ground contact 
positions 31a and 31a of the parked vehicle 31 and the vertical 
line 41a overlaps the left end of the parked vehicle 31, the 
driver presses the parking guide switch 6 (V30 in FIG. 21) . 

15 After .this, a voice message of "while matching the 

horizontal line in the screen with the tire ground contact 
positions of the vehicle that is ahead of your vehicle, stop 
your vehicle at the position where the vertical line matches 
the right side face of the vehicle and press the parking guide 

20 switch" is given to the driver (step V40 in FIG. 21) . 

Then, while seeing the display 15, the driver drives the 
vehicle 1 so that the horizontal line 41b overlaps the tire 
ground contact positions 32a and 32a of the parked vehicle 32 
and that the vertical line 41a overlaps the right side face 

25 (right end) of the parked vehicle 32 as shown in FIGS. 20A and 
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20B. When the horizontal line 41b overlaps the tire ground 
contact positions 32a and 32a of the parked vehicle 32 and the 
vertical line 41a overlaps the right end of the parked vehicle 
32, the driver presses the parking guide switch 6 (V50 in FIG. 
21) . 

When the parking guide switch 6 is pressed, the moving 
distance estimation unit 9 estimates the moving distance X2 
of the vehicle 1 (V60 in FIG. 21). 

Whether or not the moving distance X2 estimated by the 
moving distance estimation unit 9 is a predetermined value or 
more (namely, whether or not a sufficient space to park the 
vehicle 1 is available) is determined (V70 in FIG. 21) . 

If it is determined that a sufficient space is not available, 
a voice message of "sufficient space to park your, vehicle is 
not available" is output, telling the driver that parking 
assistance is terminated. 

If it is determined that a sufficient space is available, 
the position at which the vehicle 1 stops at present is set 
as the reference position . As described in the back-in parking 
assistance in the first embodiment, the position of the vehicle 
1 at present is set as the reference position and the driver 
is guided through the path from the reference position to an 
initial vehicle stop position and further from the initial 
vehicle stop position to a target parking position. 

In the embodiment, the reference position differs from 
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that of the first embodiment and therefore necessary moving 
distance D2 from the reference position to the initial vehicle 
stop position in back-in parking assistance is set to a 
predetermined distance different from that of the first 
5 embodiment . 

In the description given above, there are parked vehicles 
31 and 32 at the upstream side and the downstream side of the 
area R2 for parking the vehicle 1; if there is only the parked 
vehicle 32, to start parking assistance, the driver presses 

10 the parking guide switch 6 twice and then stops the vehicle 
1 at the positron where the vertical line 41a overlaps the right 
side face (right end), of the parked vehicle 32 and again presses 
the parking guide switch 6 at the vehicle stop position, whereby 
the position can be set as the reference position. 

15 If there is only the parked vehicle 31, to start parking 

assistance, the driver presses the parking guide switch 6 and 
then stops the vehicle 1 at a forward position of the full width 
of the vehicle 1 or more from the parked vehicle 31 and presses 
the parking guide switch 6 twice at the vehicle stop position, 

20 whereby the position can be set as the reference position. 

Further, if the parked vehicles 31 and 32 do not exist, 
to start parking assistance, the driver presses the parking 
guide switch 6 twice and then stops the vehicle 1 at a proper 
position and presses the parking guide switch 6 once more at 

25 the vehicle stop position, whereby the position can be set as 
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the reference position. 

As described above, the parking assistance apparatus can 
provide similar advantages to those of the parking assistance 
apparatus as the first embodiment. 
5 Further, if there are parked vehicles at the downstream 

side and the upstream side of the area for parking the vehicle 
1, the driver can easily know whether or not an available space 
to park the vehicle 1 exists between the two parked vehicles. 
Accordingly, the driver understands that the vehicle 1 is hard 
10 to park in the area, and can avoid difficult parking operation 
and can be guided so as to find out any other available parking 
space . Therefore, the parking assistance apparatus can assist 
the driver in parking more safely and more appropriately. 
[4] Others 

15 It should be understood that the present invention is 

not limited to the embodiment disclosed, but various variations 
of the above described embodiment may be possible without 
departing from the spirits of the present invention, including 
variations as described below, for example. 

20 The vertical line and the horizontal line of the indicators 

41 may be displayed in different colors. Accordingly, 
easier-to-understand assistance canbe provided for the driver . 

A yaw rate sensor (not shown) may be provided in place 
of the moving distance estimation unit 9 and the steering wheel 

25 angle sensor 3. In this case, the detection values of the yaw 
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rate sensor is integrated and the yaw angle of the vehicle 1 
is calculated, and the moving distance is estimated. 

In the description of the embodiments, the transmission 
19 is multistage transmission, and the shift position control 
5 unit 12 limits the shift stage to the first gear. However, 
itmaybepossible to use the continuously variable transmission. 
In this case, the shift position control unit 12 limits the 
transmission gear ratio at low range corresponding to a lower 
gear . 
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